Abstract: A large-scale interior ponderosa pine (Pinus ponderosa Dougl. ex P. & C. Laws.) study was conducted at the Blacks Mountain Experimental Forest in northeastern California. The primary purpose of the study was to determine the influence of structural diversity on the dynamics of interior pine forests at the landscape scale. High structural diversity (HiD) and low structural diversity (LoD) treatments were created with mechanical thinning on 12 main plots. Each plot was then split in half with one-half treated with prescribed fire. During the 5 year period after the treatments, the LoD treatments showed slightly higher periodic annual increments for basal area (BA) and significantly higher diameter increments than did the HiD treatments, although HiD carried twice as much BA as LoD did immediately after the treatments. Prescribed fire did not affect growth, but killed and (or) weakened some trees. No interaction between treatments was found for any variable. Stand density was reduced from the stands before treatments, but species composition did not change. Old dominant trees still grew and large snags were stable during the 5 year period. Treatments had minor impacts on shrub cover and numbers. These results suggest that ponderosa pine forest can be silviculturally treated to improve stand growth and health without sacrificing understory shrub diversity.
Introduction
Ponderosa pine (Pinus ponderosa Dougl. P. & C. Laws. var. ponderosa) forest ecosystems have changed dramatically in structure and composition over the past century in northeastern California (Taylor 2000; Skinner 2005 ) similar to the findings in other parts of the western United States (Cooper 1960; Agee 1993; Covington and Moore 1994; Allen et al. 2002) . In the early years of Euro-American settlement, logging, livestock overgrazing, and wildfire created conditions suitable for tree regeneration. Later, lack of density management and effective fire suppression in both young and old stands created forests dominated by dense saplings and pole-sized trees. The change in conditions favored more shade-tolerant species and led to heavy accumulations of litter and woody fuels (Dolph et al. 1995; Youngblood et al. 2004 ). In addition, many stands have suffered accelerated mortality from competition and wildfire intensified by drought that threatens the stability of old growth stands (Oliver 2001) .
Managing these forests has become a great challenge for forest managers. Current management regimes, including thinning and prescribed fire, are often implemented to reduce fuel loads. A combination of thinning and prescribed fire has proven to be an effective way to mitigate the threat of wildfires (Raymond and Peterson 2006; Ritchie et al. 2007 ). In addition, thinning increases the growth rate of the remaining trees not only for young ponderosa pine stands (Barrett 1982; Cochran and Barrett 1993; Oliver 1997; Zhang et al. 2006 ), but also for old dominant trees across the western United States (Fiedler 2000; Latham and Tappeiner 2002; McDowell et al. 2003; Sala et al. 2005; Stov et al. 2005) . However, prescribed fire, which reduces the hazardous fuels on the forest floor (Covington and Sacket 1984; Kauffman and Martin 1989) , has either directly or indirectly killed both young trees (<20 cm diamter at breast height, DBH) and old dominant trees (Agee 2003; McHugh and Kolb 2003; Kolb et al. 2007 ). The mechanism of mortality caused by prescribed fire is not well understood, although several possible reasons have been provided (Kolb et al. 2007 ). Understanding these questions and their interactions, at both stand and landscape scales, can only be obtained through long-term experimentation at a landscape level.
The Blacks Mountain Ecological Research Project, initiated in 1991, is long-term, large-scale, and interdisciplinary in scope (Oliver and Powers 1998; . This project was designed ''to increase our understanding of the effects of forest structural complexity on health and vigor of an interior ponderosa pine ecosystem, quantify the ecosystem's responses to natural and human-induced disturbance, and determine how these ecosystems can be restored and managed'' . Blacks Mountain Experimental Forest was chosen for this project because of the presence of late-seral structure at a scale needed to meet the requirement of studies at the higher trophic levels such as insects, birds, mammals, and wildlife .
In this manuscript, we focus on responses of tree species and understory shrubs to the stand manipulations and prescribed fire during the 5 year period after the treatments were completely installed. Using the results from this longterm study, we intend to address several specific questions: (1) What are the effects of structural diversity and prescribed fire on tree growth and dynamics? (2) Do different species respond differently to these treatments? (3) Are interactions between structural diversity and prescribed fire significant in the short-term in regards to aboveground stand productivity for the individual tree species? (4) How do old dominant trees respond to these treatments? (5) How does regeneration of shrubs respond to structural diversity and prescribed-fire treatments?
Materials and methods

Study area
The study was conducted at Blacks Mountain Experimental Forest (BMEF; Fig. 1) , located approximately 35 km northeast of Mount Lassen in northeastern California (40840'N latitude, 121810'W longitude). The experimental forest occupies 3715 ha on the Lassen National Forest; the elevational range is between 1700 and 2100 m a.s.l. Soils are in the Taxonomic subgroup Typic Argixerolls, 1-3 m deep over fractured basaltic bedrock with mesic soil temperature regimes at lower elevations. Andic Argixerolls with frigid soil temperature regimes predominate at higher elevations. The climate is characterized by warm, dry summers and cold, wet winters. Annual precipitation is approximately 460 mm and falls primarily as snow from October through May. Mean daily air temperatures usually range from -9 to 29 8C.
The overstory vegetation on the experimental forest is dominated by ponderosa pine with varying amounts of white fir (Abies concolor (Gord. & Glend.) Lindl.), incense cedar (Calocedrus decurrens (Torr.) Florin), and Jeffrey pine (Pinus jeffreyi Grev. & Balf. ; . The stands were comprised of at least two age cohorts: an overstory of widely scattered 300-to 500-year-old pines or incense cedars and a dense 50-to 100-year-old understory of pines, white fir, and incense cedar originating after intensive livestock grazing ceased and the onset of wildfire suppression. At the start of the study, an average hectare carried about 2000 trees and seedlings with a basal area of 45 m 2 and a quadratic mean diameter of 28 cm based on the adjacent Research Natural Area (RNA) inventory. These numbers varied somewhat across the entire forest because of a methods-ofcutting study established from 1938 to 1948 (Hallin 1959) . About thirty-five 8 ha plots with various cutting prescriptions were distributed across the BMEF and were included in our treatment plots, which tended to increase the variability of stand characteristics. Five common shrub species found throughout the forest are greenleaf manzanita (Arctostaphylos patula Greene), prostrate ceanothus (Ceanothus prostratus Benth.), snowbrush (Ceanothus velutinus Dougl. ex Hook.), antelope bitterbrush (Purshia tridentata (Pursh) DC.), and creeping snowberry (Symphoricarpos mollis Nutt.).
Experimental design
The study uses 1226 ha of the experimental forest and 111 ha of the adjacent national forest. Two by two factorial treatments testing high and low structural diversities, with or without cattle grazing as a main-plot effect were randomly assigned to each of the three blocks ( Fig. 1) , making a total of 12 main plots for the entire study. Each main plot, which ranged in size from 77 to 144 ha (mean = 111 ha), was split into two subplots; one split plot was randomly assigned a prescribed-fire treatment (Oliver and Powers 1998; . Main plots were blocked by proportion of species composition along the elevational gradient because white fir and incense cedar become increasingly abundant at the higher elevations in the forest.
The high structural diversity (HiD) treatment was designed to leave all large, old dominant trees ( 300 years old), abundant snags, multiple canopy layers, and many canopy gaps and forest-floor openings (Oliver and Powers 1998; . The prescription also included a few dense clumps (0.4-0.8 ha) of smaller trees. The low structural diversity (LoD) treatment created stands with a single canopy layer of well-spaced codominant trees by harvesting the large dominant trees, leaving a few snags of pine and incense cedar and few large canopy gaps.
Because of the large plot size, treatment implementation took several years. The three individual blocks, each with four main plots were created in 1996, 1997, and 1998, respectively. Nongrazed plots were fenced in the summer of the following year (1997, 1998, and 1999, respectively) . The prescribed fire was planned for the falls of 1997, 1998, and 1999 ; however, because the burning prescription could not be met in 1998, prescribed fire for those splits thinned in 1997 and 1998 was delayed to the fall of 1999 and 2000, respectively. The debris around existing snags was raked prior to the application of prescribed fire.
Vegetation sampling
Throughout each of the experimental units (subplots), permanent plots keyed to a 100 m grid oriented from north to south and from east to west were installed. All measurements were referenced to these grid points. With the grid point as a center, three nested circular plots sampled the trees and snags by species depending on their size as follows:
. Large trees and snags (>29.2 cm DBH) were sampled on a 0.08 ha (16.0 m radius) plot; . Living and dead pole-size trees (9.1-29.2 cm DBH) were sampled on a 0.02 ha (8.0 m radius) plot; and . Living seedlings and saplings (between 0.3 and 1.4 m in height or <9.1 cm DBH) were sampled on a 0.004 ha (3.6 m radius) plot. All trees and snags 9.1 cm DBH were tagged within each of the respective sampling plots. Height was measured with an Impulse laser hypsometer (Laser Technology, Inc., Englewood, Colorado) to the nearest 0.3 m, and DBH was measured with a D-tape to the nearest 0.25 cm for all large trees. For pole-size trees, DBH was measured for all trees and height was subsampled. Heights of seedlings and saplings were not measured. In addition, tree and snag conditions were evaluated (Dunning 1928; Keen 1943; Ferrell 1980) . For this analysis, we consider trees and snags 76.2 cm DBH to represent the old dominant trees.
A pretreatment inventory was conducted in 1994, with a 25% grid point sampling intensity and a slightly different sampling scheme. The purpose of the pretreatment inventory was to collect the baseline data to designate the block and unit layout. Therefore, DBH was only measured on polesize trees within a 0.004 ha plot and large trees within 0.08 ha plot at selected grid points. The post-treatment inventories were more intensive with 50% of the grid points systematically sampled. The first post-treatment inventory was in the year immediately following the prescribed fire application (1998, 2000, and 2001 ), 2-3 years after thinning. The second post-treatment inventory was conducted 5 years later in 2003, 2005, and 2006 , respectively. Understory shrubs were sampled in the post-treatment measurements using a line-intercept method on a 100 m transect (Mueller-Dombois and Ellenberg 1974). Each transect is centered on the grid point and oriented randomly ±458 from true north. Six steel pins were installed along each transect at~14 m intervals to ensure the transect location would be found for subsequent inventories. Beginning at the southern end, each shrub crown was measured for average height and start and stop distance were recorded along the transect for estimating shrub cover.
Data analysis
After treatment installation, an interdisciplinary team of scientists concluded that our grazing treatment had not been effective because grazing intensity was not controlled, being largely a function of proximity to water. Moreover, the current data also showed that there was no significant grazing effect in any of the measured variables. Therefore, the grazing treatment will not be considered in the analysis, effec- tively doubling the replications within each block. Additionally, in September of 2004, a wildfire burned into one of the main plots (Ritchie et al. 2007 ) causing enough damage to warrant its exclusion from the post-treatment data set.
Several variables were derived from the understory shrub measurements: (1) species richness and diversity determined from the total number of individual plants counted by species; (2) shrub cover as a percentage of measured intercept length for each shrub species divided by total transect length; and (3) relative species dominance measured by the total intercept length for the given species divided by the total intercept length for all species.
Stand basal area (BA), quadratic mean diameter (QMD), trees per hectare, and height were calculated based on data at each selected grid point. Periodic annual increments (PAIs) for BA, QMD, and heights were calculated based on those trees that lived through the 5 year period. Because seedling and samplings were not tagged, they were excluded from the PAI calculations. The number of shrub species, shrub cover, and relative dominance were also calculated from the grid-point data. Then, means of all variables were calculated within each of the 22 subplots (experimental units). We compared the treatment differences using analysis of variance with the following statistical model for each period:
where Y ijk is a stand-level dependent variable from the ith (1, 2) structural diversity (D) and jth (1, 2, 3) block (B), kth (1, 2) prescribed-fire treatment (F), and lth (1, 2) grazing treatment. The e(a) is the main-plot error term, DF is the interaction between structural diversity and prescribed fire, and e(b) is the error term for subplot effect. Both error terms are assumed normally distributed and independent from each other. All analyses were performed with SAS Proc GLM with = 0.05 as a critical value of significance.
Results
Overall stand characteristics
Before treatments were installed, the average stand BA and QMD of large and pole-size trees across the proposed experimental units (subplots) were 32.4 ± 1.5 (SE) m 2 Áha -1 and 36.7 ± 0.7 (SE) cm, respectively (Table 1) . There were about 871± 58 (SE) large and pole-size trees per hectare composed of 36% white fir, 7% incense cedar, and 57% ponderosa and Jeffrey pines throughout these subplots.
After the thinning and prescribed-fire treatments, the structural diversity effect became highly significant in BA, QMD, trees per hectare, and height for all trees regardless of species, including seedlings and saplings, based on data collected immediately after the treatments (Table 2) . However, neither prescribed-fire effect nor interactions between structural diversity and prescribed fire were significant (P > 0.11) for these variables. The average values of LoD and HiD treatments were 10 versus 25 m 2 Áha -1 for BA, 26 versus 34 cm for QMD, 282 versus 513 treesÁha -1 for number of trees, and 13 versus 16 m for height, respectively (Table 1) . Because treatments were installed in different years among blocks, the block effects for post-treatment measurements would have been confounded with years and, therefore, were not tested.
Based on measurements 5 years after the treatments were completed, the structural diversity effect was significant in all variables (Table 2 ). The prescribed-fire effect was also significant for QMD and trees per hectare (Table 2) . Differences were mainly related to delayed mortality caused by prescribed fire (Table 1) . No significant interaction was found in any variable between structural diversity and prescribed fire. The average values of LoD and HiD treatments were 11 versus 25 m 2 Áha -1 for BA, 28 versus 34 cm for QMD, 258 versus 487 treesÁha -1 for number of trees, and 13 versus 17 m for height, respectively (Table 1) . Pooled across structural diversity levels, average QMD and trees per hectare were 30 cm and 452 treesÁha -1 for treatments without prescribed fire and 33 cm and 293 treesÁha -1 for treatments with prescribed fire, respectively.
Stand periodic annual increment
The difference in the PAIs of the QMDs between structural diversities was significant (Table 2 ). Trees at the LoD treatment grew significantly more in QMD (0.65 cmÁyear -1 ) than did trees in the HiD treatment (0.33 cmÁyear -1 ; Fig. 2 ). The effect of structural diversity was not significant for both PAI BA and PAI height, although PAI BA was 0.38 m 2 Áha -1 Áyear -1 at the LoD treatment and 0.34 m 2 Áha -1 Áyear -1 at HiD treatment. Neither PAI BA, PAI QMD, nor PAI height was significantly different between prescribed-fire treatments and no interactions between structural diversity and prescribed fire were significant for any response variable.
Species responses
Composition of the four primary species differed among the three blocks as we indicated in the Materials and methods. We grouped ponderosa pine and Jeffrey pine into a pine category. Immediately after the treatments were installed, the proportion of white fir, incense cedar, and pines became 38%, 9%, and 53%, respectively, in the LoD without prescribed fire; 29%, 11%, and 61%, respectively, in the LoD with prescribed fire; 30%, 9%, and 61%, respectively, in the HiD without prescribed fire; and 42%, 9%, and 49%, respectively, in the HiD with prescribed fire (Table 1) . During the 5 year period, net BA change was positive for all treatments except pine on HiD with fire ( Fig. 3A) . In general, more trees died in the prescribed-fire subplots than trees in the subplots without prescribed fire (Fig. 3B) , which slightly changed species composition. Basal area growth of living trees offset the loss of tree numbers to yield a net positive BA increment in the LoD treatment with prescribed fire.
For the large and pole-size trees living through the period, we found that the trend of DBH increment during the 5 year period in the LoD treatment was: white fir > incense cedar > pines (Fig. 3C ). In the HiD treatment, white fir grew the most in DBH, whereas incense cedar and pines were similar.
Responses of tree size-classes
Regardless of structural diversity and prescribed fire, the number of pole-size trees decreased, while large trees increased (Fig. 4) . Except on the LoD without prescribed fire, the number of seedlings and saplings also decreased. The Table 1 . Average basal area (BA), quadratic mean diameter (QMD), and trees per hectare for seedlings and saplings, pole-size trees, and large trees, and height for pole-size and large trees of white fir (Abies concolor, ABCO), incense cedar (Calocedrus decurrens, CADE), ponderosa pine (Pinus ponderosa, PIPO), and Jeffrey pine (Pinus jeffreyi, PIJE) for low structural diversity (LoD) and high structural diversity (HiD) stand treatments, with (F) and without (NoF) prescribed fire at the Blacks Mountain Ecological Project measured before (pretreatment), immediately, and 5 years after the treatments were installed.
Pretreatment
Immediately loss of pole-size trees might suggest some grew into the large tree category. In terms of the 5 year increment, pole-size trees showed higher PAI BA in the LoD treatments compared with the HiD treatment (Fig. 2) , whereas large trees showed the opposite pattern. Both large trees and pole-size trees show higher diameter growth (PAI QMD) in LoD treatment plots than in HiD treatment plots. No trends could be generated for PAI height.
Before treatments were installed, there were about 8 old dominant treesÁha -1 (DBH > 76 cm) and 4 large snagsÁha -1 (DBH > 76 cm) in these stands. After treatment, LoD plots did not carry any old dominant tree component and averaged 1 large snagÁha -1 , whereas HiD plots kept the entire old dominant tree component and approximately 2 large snagsÁha -1 . Five years later, these numbers did not change significantly. Old dominant trees grew about 0.6 cm in Fig. 2 . Average ( ± 1 SE) periodic annual increments (PAIs) for basal area (BA), height, and quadratic mean diameter (QMD) for the various treatments calculated from trees that lived through the 5 years of observation on the Blacks Mountain Ecological Research Project. Large trees, >29.2 cm diameter at breast height (DBH); pole-size trees, 9.1-29.2 cm DBH. LoD, low structural diversity; NoF, without prescribed fire; F, with prescribed fire; and HiD, high structural diversity. Fig. 3 . Average changes ( ± 1 SE) in net basal area (A), trees per hectare (B), and diameter at breast height (DBH) (C) for different species for the first 5 years after treatments were applied in the Blacks Mountain Ecological Research Project. ABCO, white fir (Abies concolor); CADE, incense cedar (Calocedrus decurrens); PIPO, ponderosa pine (Pinus ponderosa); and PIJE, Jeffrey pine (Pinus jeffreyi). BA, basal area; LoD, low structural diversity; NoF, without prescribed fire; F, with prescribed fire; and HiD, high structural diversity.
DBH in the HiD plots with or without prescribed fire over the 5 year measurement period.
Shrub characteristics
The inventory conducted immediately after treatment did not show any significant differences in shrub cover and number of species between structural diversities (F < 1.73 and P > 0.23). However, the prescribed-fire effect was significant for shrub cover (F = 5.38 and P = 0.046), but not in the number of species (F = 2.94 and P = 0.12). No interactions between these factors were significant (F < 2.06 and P > 0.18).
In the inventory conducted 5 years after treatments were applied, none of the treatment effects and their interactions were significant for shrub cover (F < 5.03 and P > 0.05) or for the number of species (F < 1.23 and P > 0.29). However, mean shrub cover increased from about 5% at the immediately post-treatment inventory to 20% 5 years later (Fig. 5) . Shrub-cover increment over the 5 year measurement period was significantly higher on LoD units than on HiD units (F = 5.97 and P = 0.04) and on the treatments with prescribed fire than on treatments without prescribed fire (F = 10.03 and P = 0.01). In contrast, there was no significant structural diversity or prescribed-fire effect (P > 0.14) on change of the number of species.
A summary of the relative dominance for the five most common shrubs indicated a decrease in prostrate ceanothus, the most disturbance-resistant species, and an increase in creeping snowberry during the 5 year period (Fig. 6) . Antelope bitterbrush did not change substantially across the entire study.
Discussion
To address our proposed questions, we found that (1) the PAI for QMD was significantly greater in LoD than in HiD treatments (PAIs in Table 2 and Fig. 2 ). In addition, the effect of structural diversity varied significantly for average stand BA, QMD, trees per hectare, and height after treatments were applied and 5 years later. By removing small trees, prescribed fire reduced tree density and increased QMD. (2) Except for the HiD treatment with prescribed fire, BA net growth was positive during the 5 year period; the magnitude followed the proportion of the total number of trees for each species (Fig. 3) . However, the trend in DBH increment by species was white fir > incense cedar > ponderosa and Jeffrey pine. (3) No interaction between structural diversity and prescribed fire was found for any stand characteristics (Table 2) . (4) Both old dominant trees and large snags were relatively stable across treatments. Old dominant trees (DBH 76.2 cm) were still growing in diameter. (5) Understory shrub species richness was not affected by structural diversity (Fig. 5) . However, coverage increment was significantly higher in the LoD than in the HiD, and with prescribed fire than without prescribed fire. During the 5 year period, prostrate ceanothus decreased in relative dominance because of the significant increase of creeping snowberry (Fig. 6) .
Trees in low structural diversity stands showed significantly higher stem growth than did trees in high structural stands during the 5 year period of observation (Table 2 and Fig. 2) . At the stand level, a similar trend was found for net BA increment (Fig. 3A) . Periodic annual increment for BA of LoD trees was 12% higher than that of HiD trees (Fig. 2) , although the effect was not significant (Table 2 ). In addition, pole-size trees had higher PAI BA than did the large trees (Fig. 2) . These trends should not be surprising because growth rate and health of residual trees usually will be improved after being released from an overstory as was done in this study (Daniel et al. 1979; Tappeiner et al. 2007) .
Surprisingly, PAI BA was not significantly higher in the HiD treatments than it was in the LoD treatments, considering that the site potential was probably not fully realized in the LoD treatments. At an average of 9.4 m 2 Áha -1 of BA after treatment, the LoD treatment would seem to be in stage II of Langsaeter's growth curve (sensu Daniel et al. 1979, p. 318) , whereas the HiD treatment at 26.4 m 2 Áha -1 of BA would be at or near stage III. If an optimum leave-stand density for maximum BA growth is 25.2 m 2 Áha -1 on site qualities similar to BMEF (Oliver 1972 (Oliver , 1979 Oliver and Edminster 1988) , the HiD treatments should have produced significantly more BA annually than the LoD treatments.
The results from the current study showed otherwise (Fig. 2) . The answer can be found in the much lower PAI QMD of the old dominant trees in the HiD treatment and the fact that this component represented 24% of the BA of the HiD treatment. Old dominant trees were only growing 0.6 cm during the 5 years after treatment, whereas the smaller younger pole-size trees in the LoD treatment were growing 3.3 cm. These old dominant trees have sparser foliage, lower leaf area, lower photosynthetic capacity, higher respiration proportional to their gross primary production, and a higher carbon allocation to the roots compared with the smaller and younger trees (Helms 1964; Daniel et al. 1979; Smith et al. 1996; Ryan et al. 2004 ). Therefore, converting old-growth stands to younger, fast-growing stands would increase stem production (Hallin 1959) , although total net primary productivity may not vary (Spurr and Barnes 1980; Kaye et al. 2005) .
Timber production may not be the primary goal in managing today's forests. Rather, the development and maintenance of late-seral forest values have become paramount, especially on public lands. Yet, many of these forests are threatened by wildfires, pest outbreaks, and drought. These threats are exacerbated by past harvesting practice and fire exclusion for most of the last century (Covington and Moore 1994; Allen et al. 2002) . Restoration of late seral attributes can mitigate these threats. Results from the HiD treatment suggest that we have enhanced late seral attributes in these stands relative to the untreated stands. They carry many fewer trees and less basal area (Table 1) . The large snags were relatively stable across treatments and the old dominant trees were still growing in diameter. The prescribed fire did not cause any mortality for the old dominant trees ( 76.2 cm DBH) as suggested by some (see review of Kolb et al. 2007) or any damage to the large snags, although there was some mortality among trees <76.2 cm DBH. It should be noted that raking duff layer away from individual snags prior to burning contributed to snag retention.
Mortality from prescribed fire must be considered because the conditions of these stands can only be maintained with repeated thinning and (or) prescribed fire. Although observed mortality was delayed, many trees apparently alive after prescribed fire, died during the next 5 years. Mortality assessments should consider secondary (mainly bark beetle; Fettig et al. 2008) as well as primary (fire) mortality after prescribed fire to obtain accurate estimates (McHugh and Kolb 2003) . Fettig et al. (2008) found that bark beetle colonies in 2.6% of the trees in the prescribed fire split compared with only 0.4% in the unburned split, regardless of structural diversity. Therefore, managers must consider the possible bark beetle damage when treating these stands with prescribed fire. However, trees found surviving 5 years after prescribed fire grew as much as trees without fire (Fig. 2) , suggesting that low intensity surface fires might not affect tree growth, at least over the short term (Stephenson et al. 1991; Brown and Swetnam 1994; Busse et al. 2000; Ritchie and Harcksen 2005) .
Response of shrubs suggests the need for future treatments to maintain an open understory (Fig. 5) . Shrub cover increased in all treatments during the 5 year period and returned to the 21% found in untreated stands in adjacent RNAs (Blacks Mountain Ecological Research Project, unpublished data). The average number of species across plots is over twice as great in treated stands (Fig. 5 ) than in untreated stands, which averaged only two species (unpublished data), indicating shrub diversity was not adversely affected. We found that prostrate ceanothus lost its dominance during the 5 years after treatment, mainly because of increasing dominance of creeping snowberry, a flammable species. Coverage of antelope bitterbrush, the only valuable forage species among the common shrubs measured in the study, was relatively stable across the entire study during the 5 year period (Fig. 6) .
Restoration of natural ecosystems attempts to mimic the forest conditions prior to Euro-American settlement, which are described as open parklike stands able to survive frequent surface fires (Covington and Moore 1994; Allen et al. 2002) . However, we are often lacking quantitative measures of those conditions. By using the stand inventory data for large and pole-size trees at the BMEF in 1934, Ritchie et al. (2008) found that stand density in our current HiD treatment (~330 treesÁha -1 ) was still higher than the stand density (~240 treesÁha -1 ) in 1934. The proportion of white fir is higher and pine species lower in the current HiD stands (~31% and 61%, respectively) than in 1934 (~7% and 85%, respectively). The LoD treatment is not comparable because it was not intended to mimic the old-growth stands.
Throughout the range of ponderosa pine, risk of severe, stand-replacing fire and bark-beetle outbreaks have led to increased interest in restoring late seral attributes to these systems. The stand structures considered in this study are representative of two contrasting management priorities. The LoD stand is consistent with a timber production emphasis, yielding a higher rate of growth at the individual tree and stand levels. The HiD stand is consistent with an emphasis on maintenance of a range of tree sizes that may be more consistent with historic conditions prior to EuroAmerican settlement. This increase in structural diversity comes at a cost in terms of tree productivity. This cost may be offset by other amenities such as wildlife habitat or visual resources. With either type of stand structure, use of prescribed fire may be beneficial in maintaining the health and vigor of these stands in the long term. However, its application may reduce the occurrence of snags and woody debris; both are key components of wildlife habitat.
